Drought is an extended period when a region notes a deficiency in its water supply. The Standardized Precipitation Index (SPI) method was used in this study to analyze drought. Northern region of Bangladesh was the area of study. Monthly rainfall data of northern region of Bangladesh was obtained from the Meteorological Department of Bangladesh. Obtained rainfall data was from 1991 to 2011 and values from 2012 to 2026 were generated using Markov model. Then SPI values from 1991 to 2026 were calculated by using SPI formula for analyzing drought. Analysis with SPI method showed that droughts in northern region of Bangladesh varied from moderately dry to severely dry conditions and it may vary from moderately dry to severely dry conditions normally in future but in some cases extreme drought may also take place. From the study, it is observed that the northern region of Bangladesh has already experienced severe drought in
Introduction
A drought is an extended period when a region notes a deficiency in its water supply (Beran and Rodier, 1985) . Generally, this occurs when a region receives consistently below average precipitation. It can have a substantial impact on the ecosystem and agriculture of the affected regions. Although droughts can persist for several years, even a short, intense drought can cause significant damage (Daniel, 2008) . Many people in Bangladesh as well as the government perceive floods and cyclones as recurrent environmental hazards in the country. They also view that these two hazards are the main contributors to crop loss in the country. But in reality, droughts afflict the country at least as frequently as do major floods and cyclones, averaging about once in 2.5 years (Adnan, 1993; Ericksen, 1993; Hossain, 1990) . Drought was the lone environmental factor to cause severe crop damage in Bangladesh in 1994. The northwestern region of the country, popularly known as North Bengal, experienced one of the most severe droughts of the century, which started in October 1994 and was broken in July 1995 with the onset of monsoon rain (Rahman, 1995) . The continued drought in the northwestern districts of Bangladesh led to a shortfall of rice production of 3.5 million tons (Rahman and Biswas, 1995) .
It is not possible to avoid drought but drought preparedness can be developed and drought impacts can be managed. The success of both depends, amongst others, on how well the droughts are defined and drought characteristics quantified (Smakhtin and Hughes, 2004) . Droughts have often resulted in famine, displacement of people, homelessness, ill health, social disorder and in advance stages death (Odongkara, 2002) . Most parts of Bangladesh depend on rain fed agriculture. But the amounts of rainfall and their duration time throughout the year are decreasing day by day. So drought has become a curse in many regions now-a-days. It is thus important to carry out drought studies so that when the disaster (drought) strikes, the occupants of the area are not caught unaware. Northern region of Bangladesh is taken as a case study area in this observation because it is considered as the most drought prone area of Bangladesh. The objective of the study is to generate future precipitation values using the Multi-period Markov model and analyze drought using the Standardized Precipitation Index (SPI).
Materials and Methods

Study area
The Meteorological Department of Bangladesh has six stations in the northern part of Bangladesh and they were selected for the study (Table 1) . 
Data collection
Monthly rainfall data records for the selected regions were obtained from the Meteorological Department, Agargaon, Dhaka.
Generation of rainfall data
Markov generation technique was used to generate and extend the rainfall data to the year 2042 for the northern region of Bangladesh. The formula is given below: , = + ( , − ) + 1 − where, i is the periodic index (years), j is the annual index (months), Q ij is the generated precipitation value (which will be set to zero, in case it is negative, but only after all the subsequent rainfall values have been generated), is the mean precipitation in month j. It is given by:
where, Q j is the precipitation in month j and n is the number of years, b j is a parameter given by Q i-1, j-1 is the final recorded monthly precipitation from the preceding year or the generated value from the preceding year, is the preceding mean monthly rainfall, t i is a random number selected from a normal distribution having a zero mean and unit variance. The random number is given by = RAND() in Microsoft Excel. Using NORMINV(RAND(),0,1) in Microsoft Excel generates t i . is the standard deviation of observed precipitation values for the month j given by: r j is the correlation coefficient for the relation of values in the period j+1 and period j. It is given by:
where,
Analysis of drought Analysis in terms of rainfall: The Standardized Precipitation Index (SPI)
The Standardized Precipitation Index (SPI) is a way of measuring drought and the SPI value is defined as the ratio of the difference between the measured rainfall and the long term mean to the standard deviation for any month (Table 2) .
where, σ j is the standard deviation for the month, Qj and are the measured monthly and long term mean monthly rainfall respectively. Near normal -1.0 to -1.49
Moderately dry -1.5 to -1.99
Severely dry -2 and less Extremely dry
Results and Discussions
Analysis of the collected rainfall data (1991-2011)
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Calculation of the required parameters
In order to use the Markov generation equation in the generation of rainfall data, it was first necessary to calculate the required means, standard deviations and correlations for the given data on a monthly basis with reference to the period 1991 to 2011. Here, the parameters are calculated for Station no. 1 (Dinajpur) ( Table 3 ) and then they are calculated in the same way for other stations. 
Generation of the required values
Monthly rainfall values of 2011 were used as initial values for use in Equation 2 to generate values for the next year (2012). All calculations were done in Excel. Table 4 shows part of generation process with reference to the year 2013 for station no. 1 (Dinajpur). Then the generated rainfall values, covering the whole study period for the northern region of Bangladesh, have been attached in Table 5 , 6, 7, 8, 9 and 10. 
Analysis of Drought Standardized Precipitation Index (SPI) method
In the SPI method, the long term mean and standard deviation over the study period for each station were first calculated (Table 11) . 1 
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* Moderate drought, ** Severe drought, *** Extreme drought Future analysis of drought using SPI For future analysis of drought, SPI values from 2012 to 2026 were calculated for the six stations and are shown in Table 18 , 19, 20, 21, 22 and 23. 
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Conclusions
The droughts in the northern region of Bangladesh over the study period varied from moderately dry to severely dry conditions in most years. In future, normally it may vary from moderately dry to severely dry conditions but sometimes extremely dry condition may also occur according to the calculated SPI values. From the study it is observed that the Dinajpur region had faced moderate
